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CHANGES IN THE AMOUNT AND PROPORTIONS OF DDT AND ITS 
METABOLITES, DDE AND DDD, IN THE MARINE ENVIRONMENT 

OFF SOUTHERN CALIFORNIA, 1949-72 

JOHN S. MACGREGOR' 

ABSTRACT 

This paper is about the contamination ofthe ocean and its biota off southern California by the pesticide, 
DDT. The accumulation of DDT and the changes in proportions of DDT and its metabolites in the ocean 
ere described for the years 1949 to 1972 especially as they are re.flected in the myctophid fish. 
Stenobrachius leucopsarus. This time period was characterized by continuous dumping of DDT wastes 
into the ocean by a large manufacturerof DDTand the cessation of this dumping in 1970. Aspects and 
implications ofthe pesticide pollution problem in the marine environment are discussed. 

In January and May 1970, the Fishery-Ocean
ography Cen te r , La J o l l a , Calif., col lected 
samples of fish off southern California and Baja 
California as their par t in a survey of chlorin
ated hydrocarbon (CHG) pesticides in mar ine 
fishes by the U.S. fish and Wildlife Service 
Bureau of Commercial Fisheries (now the Na
tional Marine Fisheries Service). Each sample 

, consisted of the livers of several specimens of a 
single species from one locality. The samples 
were sent to the Environmental Protection Agen
cy Laboratory at Gulf Breeze, Fla., for analysis. 

The resuUs (Duke and Wilson, l97i)lshowed 
that off southern Baja California 9 samples (170? 

j'fish) contained an average ofO.14 parts per million »• 
(ppm) wet weight of DDT and its metabolites; in-, 

v, Sebastian Vi;;caino Bay (central Baja Calirornia)j j 
"..3 samples (29 fish) averaged 1.2 ppm; along ths,J 

southern California coast south of Oceanside and» 
at two offshore banks 15 samples (179 fish) aver-|> 

• aged 13 ppm: in Santa Ivlor.ica Bay S samples (65 
.: fish) averaged 370 ppm. Two samples (26 fish) of .̂  

Pacific hake, Mcrhcccius productus, taken by a' 
Russian t rawler off no r the rn California a n d / 

; Or-jgcn averaged 2.7 ppm, and fish sampled ' 
farther to the north' by the Seattle Laboratory 
.contained less than 1 ppm or no detectable DDT3 
..residues in tha livers. The highest levels of DDT 

and its metabolites were t'ound in the Los Angeles 
area with DDT levels declining greatly in samples 

taken to the north, south, and offshore from Los 
Angeles. 

Previous pesticide residue surveys of marine 
birds and fish (Keith and Hunt, 1966; Risebrough 
et al., 1967; Risebrough et al., 1963) had been 
confined primarily to central California and did 
not reveal the extent of DDTpollntion in the ocean 
off Los Angeles. Risebrough et al. (1967) reported 

• one sample of northern anchovy, Engraulis /nor- . 
da.r.. taken off Los Angeles that contained ]2.7-'' 
ppm DDT and its metabolites compared wiili addi •} 

'Southwest Fisheries Center, National Marine Fisheries Ser
vice. NO.*.A. P. 0. Box 271, U Jolla, CA 92037. 

MantisT'pt RccvpteH Ofttuber 1973. 
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t icnai samples o f^nchov ie s and three other..,, 
species offish taken north of Los Angtles to San-^ 
Francisco that ranged in DDT reji.due.content be-'^ 
tween 0.2 and 2.8 ppm. ..' 

In the spring of 1969, Keith, Woods, and Hunt 
(1970) i n v e s t i g a t e d t h e b r e e d i n g pe l ican , 
Pelecanus occidentalis, colony on Anacapa Islan.d, 
about 35 nautical miles west of Santa Monica Bay, 
and found extensive reproductive failure caused 
by thin-shelled eggs which broke under the brood
ing pelicans. They found that the contents of a 
composite sample cf many broken eggs contained 
1,818 ppm DDT residues (lipid basis) while nine 
intact eggs averaged 1,215 ppm. They also sam
pled pelican eggs from three breeding colonies in 
the Gulf of California and found DDT residues 
averaging 58, 61, and 105 ppm. Jehl (1970) sam.-
pled pelican eggs from Los Coronados Islands, 
about 95 nautical miles south of Anacapa. These 
contained 810 ppm DDT residues. At San Martin 
Island 250 nautical miles south of Anacapa, egg 
residues were 192 ppm. 
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More recent data (Southern California Coastal 
Water Research Project, 1971)^ for thep,p'DDE 
content of the mussel, A/y<i7ua- califomianus, show 
that two samples taken on the Palos Verdes 
Pemnsula, near Los Angeles, contained 61 and 
151 ppm of p,p'DDE while samples taken at a 
greater distance from Los Angeles declined 
greatly to between 0.3 and 3 ppm at San Diego, 
Point Conception, and on the farther outlying is
lands. 

Burnett (1971) determined DDT residues in 
samples of the sand crab, Emerita analoga, from 
19 locations along the coast between northern 
Baja California and San Francisco. Only in those 
crabs from the Los Angeles area did he find values 
greater than 1 ppm (up to 7.2 ppm). The DDT 
values fell off rapidly north and south of Los 
Angeles and averaged about 0.1 ppm at most of 
these locations. 

These results of the above studies demonstrate 
that geographical proximity to Los Angeles was 
accompanied by greatly elevated levels of DDT 
and its metabolites in marine organisms. 

High DDT residues in marine life in the ocean 
off Los Angeles had an adverse effect on the 
fishing industry. In June 1970, canned jack mack
erel, Trachurus symmetricus, shipped from Los 
Angeles was condemned by the U.S. Food and 
Drug Administration in New York for high DDT 
content (13 ppm). The FDA had set a maximum 
tolerance of 5 ppm on fish products. In the follow
ing year jack mackerel was withheld from dis
tribution by the packers, and jack mackerel and 
Pacific bonito, Sarda chiliensis, were condemned 
by the FDA in the Los Angeles area. In December 
1970, the FDA seized about 8,000 lb of white 
croaker, also called kingfish, Genyonemus 
lineatus, that had been caught near Los Angeles. 
These contained 19 ppm DDT residues. 

While the fishing industry was unable to pin
point any particular area of heavy DDT contami
nation of pelagic fish off southern California, it 
seemed to be fairly well defined for the more 
sedentary bottom dwelling species. Although the 
total DDT in the flesh ofthe Santa Monica Bay fish 
samples taken in May 1970 ranged from 12 to 57 
ppm, about 30 nautical miles away at Farnsworth 
Bank on the west side of Santa Catalina Island, 

'Southern California Coastal Water Research Project, 1971. 
Comments on the policy for water quality control proposed by the 
Slate Water Kesources Control Board. Presented at the State 
Wat«r Resources Control Board public hearing, San Oiego, 
Calif., 2 Dec. 1971,27 p. 
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DDT in the flesh ofa sample of sculpin, Scorpaena 
guttata, and in flesh samples of four species of 
rockfishes, Sebastes spp., had a range of only 0.23 
to 0.49 ppm; and, a sample of white croakers taken 
off Oceanside, 40 nautical miles south of Los 
Angeles, contained only 0.61 ppm of DDT residues 
in the flesh. 

The pelagic fish were not good indicators ofthe 
source of pesticide contamination because they 
aro much more migratory than the bottom dwell
ing species, and the area in which they are caught 
is not necessarily the area in which they were 
contaminated. Even though this would also mean 
that their exposure to heavy contamination would 
be of shorter duration than for bottom fishes living 
in these areas, they still built up high concentra
tions of DDT in the flesh because pelagic fish tend 
to store fat throughout the body rather than in the 
liver as do bottom dwelling, more sedentary 
species. The DDT residues are stored in the fats, 
and the distribution ofthe total body load of DDT 
residues in the fish is roughly related to the dis
tribution of fat. 

Although we have no flesh sample analyses 
from pelagic fish to illustrate this point, concen
trations of DDT were found to be two to six times 
higher in the livers of samples of four different 
species ofbottom dwelling fish taken in 1970 along 
the coast between San Diego and Oceanside than 

. they were in the livers ofa sample of jack mackerel 
from the same area, and seven to 19 times higher 
than in the livers ofa sample of Pacifi.c sardine, 
Sardinops sagax, taken ih San Diego Bay at about 
the same time. And even among bottom fish taken 
from the same area at the same time, those that 
have more oil in the flesh seem to carry relatively 
more of the total DDT load in the flesh. For five 
species ofbottom dwelling fishes taken from Santa 
Monica Bay in 1970, there is an inverse relation 
between the ratio of DDT in the liver to DDT in the 
flesh and the percent of oil in the flesh as given in. 
Table 1. 

Because of the prevalence of winds from the 
Pacific, and the concentration of agriculture in the 
inland valleys, we considered it unlikely that the 
heavy DDT contamination in the ocean off Los 
Angeles was caused by airborne pesticide resi
dues. Surface runoff was also an unlikely source. 
Southern California's arid climate, the damming 
of rivers, the large population and importation of 
water have resulted in a condition in which the 
annual discharge by sewers inlo the ocean is at 
least twice the average annual surface runoff of 

I 
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TABLE 1.—Relation between ratio of DDT in liver to DDT in flesh end percent of oil in flesh of 
five species of bottom dwelling fishes from Santa Monica Bay in 1970. 

Species 

Bocaccio. 
Sebastes paudspinis 

Starry rocklish. 
S. cortstellatus 

Vermilion rocklish. 
S. miniatus 

Dover sole. 
Uicrostornus paciUcus 

Sablefish, 
Anoplopoma fimbria 

Number 
ol lish 

9 

5 

10 

13 

10 

Tolal DDT 

Liver 
(ppm) 

590 

1.030 

163 

63 

103 

Flesh 
(ppm) 

12 

57 

16 

13 

23 

Ratio of DDT 
Liver;lles.'i 

49:1 

18:1 

10:1 

5:1 

4:1 

Percent oil 
in flesh 

1.4 

1.8 

2 i 

3.6 

6.0 

water. The "rivers" of southern California are its 
sewers, and the two largest of these, in the 400 
million gallons (1.51 million m )̂ per day class, are 
the outlets of the Hyperion treatment plant that 
serves the city of Los Angeles and those of the 
White Point treatment plant that serves Los 
Angeles County. 

The Hyperion plant empties into the head of an 
undenvater canyon in the northern half of Santa 
Monica Bay, and the White Point plant empties 
into the ocean off Palos Verdes Peninsula. Fish 
samples that showed very high DDT residues 
came from southern Santa Monica Bay about 
midway between the two sewer outfalls. 

The County Sanitation Districts of Los Angeles 
County (CSDLAC) began a monitoring program to 
test for CHC pesticides in its sewerage system in 
December 1969 (Carry and Redner, 1970). They 
found that very high concentrations of DDT were 
present in the sewer system. In March 1970, they 
began to sample the sewer trunk lines in order to 
pinpoint the sources of DDT input into the sewer 
system. 

They soon discovered that the source of most of 
the DDT pollution was the Montrose Chemical 
Corporation, a major manufacturer of DDT, lo
cated in the city of Torrance. Los Angeles Times 
staff writer, John Dreyfus, reported (7 October 
1970), after interviewing a Montrose official, that 
at that time, Montrose was the only manufacturer 
of DDT 'left in the United States, and that it ac
counted for two-thirds ofthe world's sales of DDT. 

The CSDLAC found that water samples taken 
from the sewers immediately upstream from 
Montrose contained 34 parts per billion (ppb) of 
DDT and its metabolites (DDD and DDE) in a fiow 
of 25.3 million gallons (95.8 thousand m )̂ per day 
or 7.2 lb (3.27 kg) of total DDT per day, while 
samples taken immediately downstream con

tained 2,950 ppb in a flow of 26.6 million gallons 
(100.7 m3) per day or 654 lb (297 kg) of total DDT 
per day (Carry and Redner, 1970). 

In April 1970, Montrose began hauling most of 
its processing wastes to a storage area, which 
caused a considerable drop in CHG entering the 
CSDLAC disposal plant. However, in May 180 lb 
(81.6 kg) per day CHC, of which 150 lb (6S.0 kg) 
was DDT and its metabolites, were still found to be 
entering the White Point plant. The primary 
source of this was found to be the sewer trunk line 
serving Montrose Chemical Corporation. Because 
the composition of the total DDT sampled, 14% 
DDT, 48% DDD, and 38%DDE, was different from 
the Montrose effluent previously sampled, 
74%DDT, 5%DDD, and 21%DDE, CSDLAC per
sonnel concluded that the primary source of pollu
tion was from old deposits in the sewer lines. 

Between 11 December 1970, and 1 July 1971, 
567,000 lb (257,000 kg) of deposits, of which 7,700 
lb (3,500 kg) were total DDT, were removed from 
the interceptor system that served Montrose 
(Redner and Payne, 1971). The cleaning of this 
section of the sewer lines also stirred up old de
posits which were washed down into the sewerage 
disposal plant, resulting in an increase in total 
DDT entering the plant. By October 1971, the 
total CHC entering the disposal plant had de
creased to 60 lb (27 kg) a day of which 28 ib (13 kg) 
was total DDT and the remaining 32 lb (14 kg) 
polychlorinated biphenyls (PCB). 

Since March 1971, an average of 22,000 gallons 
(83.3 m') a day of alkaline v/aste from the Mon
trose plant has been trucked to the Sanitation 
District's landfill on Palos Verdes Peninsula, and 
another 700 gallons (25.9 m') of acid waste has 
been trucked to a quaiTy. The alkaline waste was 
found to contain about 3,000 ppm of total DDT 
(Redner and Payne, 1971) or about 550 lb (250 kg) 
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per day. The acid waste was not tested, but if the 
concentration of DDT was similar to that in the 
alkaline waste, it would amount to an additional 
175 lb (79 kg) of DDT residues per day. 
• The average inflow of DDT into tho White Point 
sewerage plant during December 1969 through 
Marj:h 1970 was estimated at 652 lb (296 kg) per 
day, ' the amount measured in the sewers at the 
Montrose plant was 647 (293 k.g) per day. The 
amount trucked out as alkaline waste only was 
estimated at 550 (250 kg) per day. Considering the 
difficulties in sampling such large volumes of 
material and the fact that the samples were taken 

. in different localities at different times, there is 
remarkable agreement among them. 

It is difficult to determine lust how much DDT 
finally was pumped into the ocean after t rea tment 
at the sewerage plant. Some of it was undoubtedly 

'removed in grit, grease skimming operations, and 
in dried shidcTR. 

At the Hyperion t rea tment plant (city of Los 
Angeles), the digested sludge is pumped into the 
ocean, although some of it, a t least in the past, has 
been used for fertilizer. The DDT input into the 
Hyperion plant was estimated to be on the order of 
0.6 lb (0.27 kg) a day (tests by Hyperion personnel 
cited in Los Angeles Times, 7 October 1970) so, 
insofar as the DDT input into the ocean is con
cerned, it has had little impact. The White Point 
t reatment plant has never discharged its sludge-
in to t h e ocean (Ter ry H i n d r i c h s , S o u t h e r n 
California Coastal Water Research Project, pers. 
commun.) except during a short period of heavy 
rains in 1955. Until 1959, digested sludge was 
spread on nearby fields to air dry. Since 1959 a 
centrifuge has been used to partially dry sludge. 
The resulting cakes have been used for fertilizer or 
landfill. 

CSDLAC personnel were unable to get reliable 
estimates ofthe DDT content of their effluent into 
the ocean until December 1970 (Carry and Red
ner, 1970), long after Montrose stopped dumping 
most of their wastes. Nine samples that they took 
from the efffuent into the ocean in December 
showed that the average total CHC entering the 
ocean was 130 lb (59 k g ) ^ day. The inJluent into 
Uie sewerage disposal plant in December had a 
load of 153 lb (69 kg) per day. Tiie iniluent samples 
were taken after the grit chambers so any CHC 
removed in grit v.'ould not have been included. If 
we assume that sludge removal accounted for a 
15% loss of CHC in December 1969 thr^iugh Marcli 
1970, between influent (average 652 lb or 296 kg 
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per day) and effluent into the ocean. thP^ ^ '̂̂  " 
ocean discharge would have be^p ahnnt r,F,̂  Ih 
\zt)(i kgl per day of CHC for these months. This is 
about 100 short tons (91 metric tons) per year or 
about 10 times the amount of pesticides estimated 
to be carried into the Gulf of Mexico each year by 
the Mississippi River (Butler, 1969). 

Montrose received a permit to dump its wastes 
into the CSDLAC sewer system in 1953, biit it had 
been dumping for a few years before that accord
ing to company personnel. The continuous dump
ing of large quantit ies of DDT wastes into the 
ocean at a single point over a period of about 20 yr 
presented an unparalleled opportunity to study 
the effects of DDT on the ocean environment. Un
fortunately the one-time opportunity to take ad
vantage of the situation was not fully realized 
until some time after the dumping had stopped, 
and no large-scale coordinated investigation was 
undertaken to exploit this ecological windfall. 

An investigation of pesticide pollution of the 
. marine environment was initiated at the Fishery 
Oceanography Center (FOC), La Jolla, in 1970. 
Personnel at FOC have collected samples of bot
tom muds, fishes, and other biological samples 
primarily from the ocean off Los Angeles in order 
to study the effects of heavy DDT pollution in the 
marine environment. 

Collections of marine organisms taken for other 
purposes, some dating back to 1949, were avail
able for study. Most ofthe present paper is based 
on DDT levels found in specimens from one of 
these collections of a myctophid fish, Stenob
rachius leucopsarus, found in the ocean off south
ern California in an at tempt to trace the historical 
buildup of DDT and its metabolites in the marine 
environment as reflected in this species. 

M A T E R I A L S 

The California Cooperative Oceanic Fisheries 
Invest igat ions (CalCOFI) has taken p l a n k t o n ^ 

;: samples over an extensive area off California and ' 
Baja California since 1949. These samples v^ere 
obtained over a predetermined pat tern ofstations 
in order to determine the species present, their 
numbers, and their distribution. The most inten
sive sampling took place during the 1950's; during 
the 1960's t he number of CalCOFI cruises was 
reduced considerably. 

All fish and fish eggs are routinely sorted out of 
the collect ions for identification. About 600 
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specimens ofthe myctophid fish, S. leucopsarus, 
that had been sorted from the plankton collec
tions, were selected for this study to give best areal 
and temporal coverage. 

Initially a few plankton samples, which were 
available in much greater quantity, were tested 
for pesticides. However, the plankton species 
composition varied in time and with locality, and 

j it was felt that the samples might not be compara-
• ble. The plankton samples also appeared to con

tain both Aroclor 1242^ and Aroclor 1254 (poly
chlorinated biphenyls (PCB) manufactured by 
Monsanto Corporation) while the myctophids 
generally contained only Aroclor 1254 in quan
tity. Plankton samples can include man- produced 
debris that contains relatively large amounts of 
CHC or other organic chemicals which interfere 

'Reference to trade names does not imply endorsement by the 
Nalional Marine Fisheries Service, NOAA. 

with analysis, while individual myctophids are 
relatively free ofsuch material. Myctophids do not 
undergo any more horizontal movement than 
other plankton organisms, and, if they use their 
motility at all, at least in the coastal waters, it is 
probably to maintain position over the deeper ba
sins. In addition, they tend to contain more pes
ticide than the invertebrate constituents of the 
plankton with which they are taken, and they are 
convenient material to work with. 

The myctophids tested for pesticide residues 
ranged in standard length (SL) from 14 to 77 mm. 
They are apparently short-lived fish. Fish ofthe 
year can be followed through their first year and 
into their second by length-frequency distribu
tions (Figure 1). Most of the myctophids tested 
appeared to be comparable in DDT content to 
other fish taken at the same time and place, but 
the amounts in smaller fish were erratic. Some 

^ 

? 
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NUMBER OF FISH BY MONTH 

MAY JUNE JULY AUG. SEPT. OCT. MOV. DEC. JAM. FEB. MAR. APR. 

FIGURE i.—Length-frequency distribution o!Stenobrachius uucopsarus by month. Shaded area is enterinj year class. 
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were comparable to larger fish, while others con
tained less DDT than might be expected in larger 
fish taken at the same time and in the same local
ity. 

This variation in pesticide content appeared to 
be related to the "fat" content (hexane extractable 
portiffn ofthe fish) ofthe specimens. The fat con
tent ofthe fishes (Figure 2) increased very rapidly 
and with considerable variation to 30 mm length, 
6.5% fat ofthe dry weight ofthe fish in an 18-mm 
specimen to 42.5% in a 29-mm specimen) where it 
began to level off. In mature fish the fat is about 
49% of dry weight and 16% of wet weight. There is 
no apparent seasonal fat cycle. For comparison of 
DDT in time and space, only myctophids 30 mm or 
longer were used. 

METHODS 

The myctophids used in this study were pre
served in Formalin which had no apparent effect 
on the pesticides to be analyzed. The specimens 
were measured and weighed and placed in tared 
disposable pipets that had been plugged with glass 
wool at the small end, or for larger fish in similarly 
prepared glass tubing of appropriate size. The fish 
were dried in an oven at 65°C to constant weight 
and reweighed to obtain dry weight. Each fish was 
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macerated in the tube and extracted into a 15-ml 
graduated centrifuge tube with 10 ml of hexane. 
The remains ofthe fish in the pipet were dried and 
reweighed to obtain the weight of material ex
tracted. 

The extract in the centrifuge tube was mixed to 
uniformity, and an aliquot equal to 20 mg or less of 
fat removed. This was reduced in volume if neces
sary and passed through an activated alumina 
column as described by McClure (1972). The 
cleaned up sample was again reduced in volume if 
necessarj' and injected into a model 402 Hewlett 
Packard gas chromatograph (GLC) with a N i " 
electron capture detector. The 6-foot glass column 
contained 1.5% OV-17/1.95%QF-l, on 100/120 
mesh Supelcoport. 

DDT gets its name from its former cheinical 
designation, p,p'-dichlorodiphenyltrichloro
ethane. The current chemical designations for 
DDT and its metabolic products mentioned in this 
paper are: 

v>^v^=^";l;l^di"chlpro^2,2:^bis^J^>-•chloro=:^:i . 
••"-'-'•'•"'' phenyDethane w*"--'-.- t....,--.»y . 

^ p , p ' - D D D l T D E ) ' l , l-dichloro-2,2-bis(;>-chloro-| 

phenyDethane - - ^ - Z - . - T . - : : ^ . ^ ^ , ^ . ^ 
. . .pj) ' -DDE :V'-;--:: . - . : ' ' " l , l-dichloro-2,2-bis(p-chlprOr;^iiJ ' 
^•-—^- ̂ -<-==iar--i:^-^-^''^-- •= • phenylleihylene ) 

r? :? ; -DDMO':^ '*!^rfviv- l -chloro-2 ,2-bis(^chlor 

KpUKaiie;nJi.eprp)jn£Sr''l,l--bis(p-ch;oro 
,2-tr ichloroethanol '.T^J^*^*^^ 

For the ortho-para isomers of DDT, DDD, DDE, 
and DDMU substitute 2(o-chlorophenyl)-2-rp-
chlorophenyl) for 2,2-bis('p-chlorophenyl). In this 
paper total DDT includes p,p'DDT, o,p'DDT, 
p,p'DDD, o,p'DDD, andp,p'DDE. Whileo.p'DDE 
andp.p'DDMU are present, although not as major 
constituents of the fish samples, both have the 
same short retention times on the column used 
and are interfered with by a number of other un
knowns as tends to be true of anything having a 
shorter retention time than p,p'DDE in these 
samples; therefore they were omitted because of 
the difficulty in identification and quantification. 
Kelthane was also omitted because it breaks down 
on this column (Morgan, 1967) to a material that 
has a low response and an even shorter retention 
timo than DDMU. ^.^^,^ _̂ 
, For the purposes of this paper we assu"me'"th"St.;;!:;;;:̂  

DDTismetalx)lized(0'Brien;i967;;Mqrgah,1967;. .? 
iM.ei»iie, 1969) as follows:.. -.;--r^ "'""" 
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p-DDD - \ 

>^Kelthane-*-l 

-•-(little or no metabolism) 

DDMU- •-(continued metabolism) 
Dichlorobeniophenone—•-(continued metabolism) 

Since we have no measurements of Kelthane, the 
scope of this paper includes only the measurement 
of the metabolism of DDT to DDE and DDD. As 
mentioned earlier, the effluent from the Montrose 
plant was already partly metabolized (Carry and 
Redner, 1970). In seven samples taken between 14 
August and 24 November 1970, the total DDT 
portion of the effluent contained 74% (range 
62-84) of DDT, 5% (3-7) of DDD, and 21% (9-35) of 
DDE. During this period the effluent contained 2 
lb or less of DDT per day. The proportions of DDT, 
DDD, and DDE at the time when dumping was 
650 lb (295 kg) per day were 73:2:25. 

At the beginning of this investigation some pes
ticides were separated on other columns to con
firm the identification of DDT and its metabolites. 
Additional confirmation was obtained by dehy-
drochlorinating samples with alcoholic KOH 
which converts DDT and DDD to their respective 
ethylene derivatives, DDE and DDMU, but does 
not change the PCB, Aroclor 1254. 
• Because there are so many possible sources of 

variance to the estimates of pesticide content, we 
cannot obtain a precise measure of this error. 
Based on the least accurate measurements made 
in the course of analysis, the standard error ofthe 
amount of pesticide in a sample should be about 
plus or minus 10%. The error may be increased by 
shortcomings in methodology and by the presence 
of other peaks that interfere with those to be quan
tified. At low pesticide values the error increases, 
and it may be more like plus or minus 100% at 
values on the order of 10 ppb. However, the abso
lute error is only a few parts per billion also and 
makes little difference when values that differ by 
orders of magnitude are being compared. 

In the myctophid samples, Aroclor 1254 seemed 
to be the only substance that contributed peaks on 
the chromatogram of any significance which could 
interfere with quantification of the DDT series. 
Six Aroclor 1254 peaks span the retention time 
range ofp,p'DDE, o.p'DDD, o,p'DDT, p,p'DDD, 
andp,p'DDT (Figure 3). In all the marine sam
ples examined, o,p'DDT and o,p'DDD are present 
in either very small quantities or not detectable 
at all unless the samples contain very large quan
tities ofp.p'DDT orp,p'DDD. In the myctophid 
samples, Aroclor 1254 seems to maintain its in

tegrity very well. There is no apparent selective 
breakdown of its components, and the pattem of 
peaks from myctophid samples containing this 
PCB and very little pesticide closely resemble the • 
Aroclor 1254 standard (Figures 3 and 4). 

RETENTION TIME IN MirjuTES 

FIGURE 3.—A. Aroclor 1254 standard; column: 1.5% 
OV-lT/l.SSCoQF-1,100/120 mesh Supelcoport. B. Sample of two 
Stenobrachius leucopsarus each 20 mm standard length (Sl.) taken 
in July 1951, at CalCOFI station 70.100. About 0.54 ppm Aroclor 
1254 with peak no. 5 increased slightly by 0.2 ppm DDE and peak 
no. 10 by 0.3 ppm DDT. Less highly chlorinated Aroclor peaks no. 
1, 2, and 3 may be breaking down in the environnjent; more iiighly 
chlorinated peaks (no. 4 through 10) lend to maintain their integrity 
of pattern. Same column as A. C. Standard of six DDT analogs. 
Same column as A. D. Sample of a2}-!nmS. leucopsarus taken in 
November 1955 at CalCOFI station 83.40. This sample contains 
2.3 ppm total DDT. Because of the high DDT content of ihis 
sample, it was not concentrated as much as sj-mplt B. It probably 
contains at least half as much Aroclcr 1254 as sample B. Same 
coluiTin as sample .\. 
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RETENTION TIME IN MINUTES 

FlcUKE 4.—A. Aroclor 1254 standard; column: 45b SE-30/6% 
QF-1,100/120 mesh Supelcoport. B. Sample of a 28-mmS./eucop-
sarus taken in November 1955 at CalCOFI station 83.55. Aroclor 
1254, 4.2 ppm; pesticides not measured. Same column as A. C. 
Standard of six D D T analogs. Same column as A. D. Sample of 
one 37-mmS. leucopsarus taken in March 1954 at CalCOFI sta
tion 85.45. 1.0 ppm total D D T . Same column as A. 

It is apparent (Figure 3) that the seventh ofthe 
Aroclor peaks is not interfered with by the DDT 
series. The two orthcnpara prime peaks bracket
ing it are generally small or absent. Therefore, it 
may be used to correct the DDT series for PCB 
interference and to quantify the A.roclor 1254. 

• An estimate of peak area, peak height times 
width at one-half peak height, was used in 
quantification. Increasing chart speed makes it 
possible to measure the width more accurately. 
Peak area rather than peak height is a more accu
rate measurem.ent ofthe combined effects of two 
CHC when their retention times are about the 
same. Because GLC operating conditions may 
thange gradually during :. sample run, one pes
ticide standard was injected for every two samples 
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EO that each sample would have an adjacent stan
dard for quantification. 

To correct the areas ofthe combined peaks ofthe 
DDT series and Aroclor 1254 to the area repre
senting pesticide only, we letX equal the area of 
each peak at the respective retention time of each 
ofthe DDT series and Y equal the area of Aroclor 
peak no. 7. Then for our operating conditions and 
Aroclor standard, the areas allotted to the compo
nents were: 

Area of 
DDT series Combined peaks 

pjj'DDE + Aroclor 
no. 5 

p,p'DDD 
ojj'DDT + Aroclor 

DO. 8 

pjj'DDD + Aroclor 
no.9 

pj>'DDT + Aroclor 
no. 10 

Area of 
Aroclor 

0.24y 
0 

0.54y 

0.73y 

0.95y 

A' 
X 

0 .2 iY 

X - 0.547 

X - 0.73y 

X - 0.95y 

An estimate of Aroclor 1254 was obtained by mul
tiplying the area ofthe no. 7 Aroclor peak by 12.3 
and quantifying against the area of the p,p'DDE 
standard, or multiplying by 9.6 and quantifying 
against the area of the p,p'DDT standard. The 
subtractive corrections for the DDT series were 
confirmed in part for a few samples by calculating 
values both before and after dehydrochlorination 
with alcoholic KOH. 

In a few samples taken far from the sewer out
fall and in the earlier years, Aroclor 1254 was high 
enough to mask out the DDT residues except for 
slight increases in some peak areas (Figure 3). In 
such cases the pesticides were present in such 
small quantities that it made no appreciable dif
ference in the overall results what small values 
were assigned to them. The illustrated example is 
an extreme case of masking. 

In most ofthe samples the DDT residues domi
nated the PCB peaks and over the range ofthe six 
pesticide standards (Figure 3), only peaks no. 6 
and 7 of Aroclor 1254 were evident. If DDT re
sidues were high, peak no. 6 was evident as a 
widening ofthe base of the p,p'DDE peak (Figure 
3). - • . 

RESULTS AND DISCUSSION 

The pattern of CalCOFI stations from which the 
samples were obtained extends across the north 
flowing coastal countercurrent out into the south 
flowing California Current cutting across the 
counterclockwise eddy or eddies that develop be
tween the two currents. At a depth of 200 m the 
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California Current is usually farther offshore 
than at the surface (Wyllie, 1966). In April and 
May this current moves inshore eliminating the 
countercurrent at the surface and sometimes at 
200 m. When the California Current is offshore, 
the surface countercurrent develops; when it 
moves onshore, the surface countercurrent is ab
sent although the southern California eddy usu
ally persists. 

The currents, and consequently the distribution 
of the sewer discharge, are influenced locally by 
such factors as the configuration ofthe coast, the 
presence of islands, the topography of the ocean 
floor, and the short range effects of winds and 
tides. 

The total DDT data for the myctophids were 
divided into four time periods, and the average 
DDT value determined for all specimens taken at 
each station, or combined stations if they were 
very close together, for each time period (Figures 
5-8). The total DDT content ofthe fish tended to be 
high near the sewer outlet and decreased away 
from the outlet. Total DDT values increased with 
the passage of time. 

Total DDT for the purpose of this discussion 
consists of DDT, DDE, and DDD. Although total 
DDT content in the myctophids increased with 
time, this did not hold true for each of the three 
constituents. DDT increased for a few years until 
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metabolism and dispersion equalled input and 
then leveled off. DDD acted in a similar manner 
but at a lower level. Most of the increase in total 
DDT after the first few years was caused by the 
increase in the persistent metabolite, DDE. The 
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increase in p,p'DDE relative to p.p'DDT for the 
years 1950-51 through 1965-66 in the myctophids 
was: 

Year 
1950-51 
1952-53 
1954-55 
195&-57 
1959-60 
1961-62 
1963-64 
1965-66 
(1970) 
(1972) 

Ratio of DDE to DDT 
0.33:1.00 
0.36:1.00 
0.69:1.00 
1.06:1.00 
1.14:1.00 
2.02:1.00 
2.39:1.00 
3.96:1.00 

(4.74:1.00) 
(8.80:1.00) 

These data show a 12-fold increase in the amount 
of DDE relative to DDT from 1950-51 to 1965-66. 
The ratio for the fish taken in 1970,65-70 nautical 
miles southeast of the sewer outlet (in La Jolla 

• Canyon) indicates a continuing increase in the 
ratios, although there were only two fish in the 
sample. The 1972 sample, consisting of only five 
myctophids, was taken west of Santa Catalina 
Island and about 25-30 nautical miles south 
southwest of the sewer outfall about 2 yr afler the 
dumping of DDT into the sewer system had 
stopped. The high ratio may reflect in part con
tinued metabolism of DDT without replenish
ment. 
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Because there are no data on the amount of DDT 
discharged into the ocean through the White Point 
sewer outfall each year, I have assumed that it 
was constant and discharged continuously 
throughout the year. Under these circumstances 
•the amount of DDE (and DDD) entering the 
marine environment should gradually have in
creased in the earlier years until the input of DDT 
equalled the amount of DDT metabolized, wJien 
the input of DDE (and DDD) would also be con
stant. This is indicated by the initial slower in
crease in ratios of DDE to DDT. 

If we assume that the same amount of pesticide 
is released into an environment each year and 
that it is released continuously throughout the 
year we may empirically represent the accumula
tion of the pesticide in the environment by the 
formula 

Y--=K(1-S^) 

in which Y equals the amount of pesticide accumu
lated at the end ofX years;/v equals the maximum 
amount of pesticide that could be accumulated by 
the organism under the prevailing conditions; and 
S equals the "survival" rate ofthe pesticide for 1 
yr. 

In some of the years from 1949 to 1965, Cal
COFI cruises were limited, and fewer samples 
were taken. Also the fish were not uniformly sam
pled with respect to distance from the sewer out
fall in each of the years. But, by averaging the 
p.p'DDE content ofall fish taken in each year and 
grouping years by twos, a rough indication ofthe 
increase in p,p'DDE was obtained to compare 
with theoretical values of the formula, Y = K 
(1 - S X ) (Figure 9). 

The almost linear increase inp,p 'DDE i ndicates 
tha t its metabolism is very low. In fact, 
metabolism in this case would include p.p'DDE 
lost by removal from the area under study, and, 
therefore, the data indicate that very little was 
lost from this area during the years in which 
dumping occurred. 

Because ofthe apparent lack of metabolism of 
p,p'DDE, this metabolite ofp,p'DDT should give 
the best picture of areal and temporal buildup ofa 
CHC in the ocean as a result of the sewer dis
charge. 

Data on p.p'DDE content of the myctophids, 
year of capture (with 1949 equal to year 1), and 
distance in nautical miles from the sewer outlet to 
the place of capture were fitted to the formula: . 
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FIGURE 9.—Increase in p.p'DDE in the ocean off southem 
Califomia, 1949-70. The points are averages of all stations com
bined in 2-yr groupings. Because the same pattems ofstations were 
not run each year, myctophids were not obtained from the same 
stations or the same number of stations each year. Also pesticide 
concentrations were more dependent on distance from the point 
source of contamination than on year. This makes the coarse group
ing of data necessary when increase in DDE wiih time only is 
considered. Tlie two theoretical lines are computed to the formula 
Vc =W1-S^), in which ^c = computed value ofp„5'DDE, if = 
value at which metabolism, excretion, and dispersal of DDE equals 
input, S = survival of DDE for 1 yr, and X = year with 1949 
considered as year no. I. The data indicate thatp.p'DDE is very 
stable. For the 98% survival curve, which more closely fits the data, 
90% ofthe equilibrium value would not be attained for 114 yr. 

log y = log a -I- 6 log X -I- c log X' 

in which Y = calculated value of DDE in parts per 
billion, X = distance from sewer outfall in nauti
cal miles, andX' = year. The data were grouped 
for greater ease of computation and to minimize 
individual variations which tend to distort the 
actual values transformed from log-log calculated 
values if not minimized by averaging. 

The values determined for the above equation 
are: 

logo 
6 (distance) 
c (year) 

3.054 
-1.062 (SE 0.057) 
1.423 (SE 0.122) 

The correlation coefficients are: 

multiple 0.978 
partial (6) -0.829 
partial (c) 0.522 

all of which are significant a tP of less than 0.001. 

The computed lines did not fit the data for 1949, 
1950, and 1951 very well. These years were left 

.out ofthe calculations because the input of DDE 
was rising relatively rapidly at this time and did 
not begin to stabilize until about 1953. Also in 
these earlier years, the influence ofthe sewer dis
charge of pesticide extended out to only about 100 
nautical miles from the outfall. In the following 
years the influence of the sewer discharge in
creased rapidly to between 300 and 400 nautical 
miles from the outfall before becoming indistin
guishable from the ocean background. Although 
there are no extensive data for any one station 
throughout the period under study, we can now 
calculate values for a theoretical station 20 nauti
cal miles from the sewer outfall from the 
DDE-time-distance formula and in conjunction 
with the obser\'ed changes in ratios among the 
various DDT analogs, obtain a description ofthe 
metabolism of DDT in the marine environment as 
reflected in the myctophid fish, S. leucopsarus. 

Because o,p'DDE was not quantified, we used 
onlyp,p'DDE,p,p'DDT,andp,p'DDD in the ratios. 
In more than 300 myctophids 30 mm or longer in 
standard length in which the above three con
stituents and o,p'DDT and o.p'DDD were measur
able, o.p'DDT and o,p'DDD averaged 22.3ro of 
p.p'DDT andp.p'DDD. In samples of commercial 
DDT that were tested o.p'DDT averaged about 
25% of p,p'DDT. 

From the calculated values of DDE and ratios of 
DDE to DDT, we can calculate that at our 
theoretical 20 mile station DDT accumulates in 
the fish up to 1.077 ppm when input equals 
metabolism. From this we may calculate that: 

y, = 1.077(1 - 0.708X') 

in which Y, equals calculated p.p'DDT and X 
equals the year with 1949 equal to year 1. From 
the values obtained (Table 1, Figure 10) we may 
recalculate values for DDE. These values remain 
essentially the same as those calculated from the 
DDE-time-distance formula for the later years 
but make allowances for lower input from DDT for 
the earlier years if we use the formula: 

2.046y, = 0.368X - 1.077 -l- 1.077(0.708^ 
y, = 0.180X - 0.526 + 0.526(0.708-'^) or 

in which Ŷ  = calculated p.p'DDE and X equals 
the year and in which we assume that there is no 
further metabolism of DDE. 
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FIGURE 10.—Trends of p.p'DDE (squares), p,p'DDT (circles), 
and p,p'DDD (triangles) in the ocean off southem California, 
1949-72, at a theoretical station 20 nautical miles from the point 
source of pesticide contamination. Computed lines show persistant 
DDE increasing until dumping of DDT wastes ceased in 1970. 
Both DDT and DDD increase for several years and then level off 
when metabolism, excretion, and dispersion equal input. Points are 
based on calculated total value of the three analogs distributed 
among them on the basis ofthe observed ratios ofthe ihree analogs 
to each other for each year. The 1972 ratios were affected by sewer 
cleaning operations that caused large quantities of DDD to enter 
the ocean. 

From the calculated values of DDT and the 
DDD:DDT ratios we may estimate values for 
DDD. From these it appears that DDD accumu
lates in the fish up to 0.303 ppm where input 
equals metabolism. From this we may calculate 
that Yj '= 0.303(1 - 0.525'^'). However, this for
mula is based on a constant input equivalent to 
0.189 ppm. The actual input from metabolism of 
DDT was only 0.028 ppm the first year and in
creased to 0.181 by the 10th year, and 0.188 by the 
20th year. By adjusting for these increasing in
puts we obtain accumulative values for DDD, for 
DDMU, and other metabolites of DDD (Table 2, ^ 
Figure 10). 
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The percent distribution of total DDT among 
p,p'DDT,p.p'DDE, andp.p'DDD did not appear to 
change in myctophids with distance from the 
sewer outfall. Therefore the percent distribution 
which is based on large numbers of fish in most 
years can be used to prorate the tqial p.p'DDT 
obtained frorn the curves to obtain "observ'ed" val
ues ofp.p'DDT,/.,p'DDE, andp.p'DDD (Table 1, 
Figure 10). Both the curves and their observed 
values are based on observed percent changes in 
the composition of total DDT transformed to ppm 
values of the three constituents at a theoretical 
station 20 nautical miles from the sewer outfall. 

It should be emphasized that the above descrip
tion of metabolism is only an indication of what is 
taking place in the ocean. It neither describes the 
metabolism of DDT in the myctophid fish nor the 
metabolism in the marine environment, but 
rather reflects selective storage of DDT and its 
environmental metabolites in one species offish. 

Three factors determine the amount cf CHC 
found in myctophid fishes: 1) The CHC present in 
the fish's environment during its brief life span; 2) 
the selective absorption of CHC through the gills 
and the ingestion of selected food particles; 3) and 
the selective storage, metabolism and excretion of 
CHC. Factors 2 and 3, above, should remain con
stant for each generation of fish. Therefore, the 
changes in composition of total DDT probably 
reflect changes occurring in the environm.ent. 
However, the percent composition found in the 
myctophids may not represent the percent com
position in the environment because ofthe selec
tive nature of intake and excretion. 

Some ofthe DDT was changed to DDE and DDD 
before entering the ocean. Sixteen samples of 
sewer discharge from the Montrose Chemical 
Corporation taken between 14 August 1970, and 
12 May 1971, averaged 74%DDT, 20%DDE, and 
e-̂ oDDD (Redner and Payne, 1971). Although 
these samples represented discharges averaging 
less than 0.5 lb (0.23 kg) a day, samples taken 
earlier in 1970 when dum.ping was estimated at 
640 lb (290 kg) per day also had ratios of 73:25:2. 
These percent ratios are very much like the 
74:23:2 distribution in the myctophids in 1949 and 
the 70:23:7 distribution in 1950. 

Although some DDT was converted to DDD and 
DDE before it left Montrose, most of the 
metabolism took place after it was discharged 
from the plant. This is indicated by the percent 
distribution of DDT, DDE, and DDD in the myc
tophids in 1970,10:75:9, by the bottom fish taken 
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TABLE 2,—Calculated values ofp,p'DDT, pjv'DDE andp.p'DDD and their observed percent distribution in the myctophid flsh Stenobrachius leucopsarus, at a 
distance of 20 nautical miles from the point source of pollution in the ocean off southem California for the years 1949 through 1973. 

Year 

1949 (1) 
19S0 (2) 
1951 (3) 
1952 (4) 
1953 (S) 

1954 (6) 
1955 (7) 
195G (8) 
1957 (9) 
1958(10) 

1959(11) 
1960(12) 
19GI (13) 
1962 (14) 
1963(15) 

196-1 (16) 
1965 (17) 
1966(10) 
1967 (19) 
1960(20) 

1969(21) 
1970(22) 
1971 (2,1) 
1972 (24) 
1973 (25) 

Annual 
Input 
(ppm) 

0.37 
.37 
.37 
.37 
.37 

.37 

.37 

.37 

.37 

.37 

.37 

.37 ' 

.37 

.37 

.37 

.37 

.37 

.37 

.37 

.37 

.37 

.11 

.00 
.00 
.00 

Accumulated 
Input 
(ppm) 

0.37 
.74 

1.10 
1.47 
1.84 

2.21 
2.58 
2.94 
3.31 
3.68 

4.05 
4.42 
4.78 
5.15 
5.52 

5.89 
6.26 
6.62 
6.99 
7.36 

7.73 
7.84 
7.84 
7.84 
7.84 

accumulated 
p.p'DDT 

(ppm) 

0.31 
.54 
.69 
.81 
.88 

.94 

.98 
1.01 
1.03 
1.04 

1.05 
1.06 
1.08 
1.07 
1.07 

1.07 • 
.1.07 
1.08 
1.08 
1.08 

1.08 
.85 
.60 
.43 
.30 

Metabolites ol D . D ' D D T 

Accumulated 
P.P'DDE 

(ppm) 

0.03 
.10 
.20 
.33 
.47 

.62 
.78 
.95 

1.12 
1.29 

1.47 
1.64 
1.82 
2.00 
2.18 

2.36 
2.54 
2.72 
2.89 
3.07 

> 3.25 
3.41 
3.54 
3.62 
3.68 . 

Accumulated 
p.p'DDD 

(ppm) 

002 
.07 
.12 
.16 
.20 

.22 

.24 
.26 
.27 
.28 

.29 

.29 

.29 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.29 

.25 
.20 
.15 

Metabolites ol 
p,p'DDD(DDMU 

creicd or not Accumulated 
measured) total DOT 

(ppm) (ppm) 

0.01 0.36 
.03 .70 
.09 1 01 
.18 1.29 
.29 1.55 

.42 1.79 

.57 2.01 

.73 2.22 

.89 2.42 
1.07 2.61 

1.24 2.80 
1.42 2.99 
1.61 3.18 
1.79 3.36 
1.97 3.55 

2.16 3.73 
2.35 3.91 
2.53 4.09 
2.72 4.27 
2.91 4.45 

3.10 4.63 
3.28 4.56 
3.45 4.39 
3.59 4.25 
3.70 4.14 

\ 
Observed percent 

Concentfation based 
on observed percent 

p.p'DDT p,p'DDE p.p'ODO p,p'DDT 
(%) (%) (%) (ppm) 

p.p'DDE p.p'DDD 
(ppm) (ppm) 

74.4 
70.0 
64.0 
58.5 
55.9 

54.8 
48.9 
48.7" 
36.5 

No data 

38.4 
47.9 
33.4 
26.9 
32.0 

24.0 
34.1 
12.9 

No data 
No data 

No dala 
15.9 

No dala 
9.0 

No dala 

23.3 
23.3 
21.1 
21.9 
19.7 

31.1 
39.5 
37.0 
49.7 

51.4 
45.1 
57.0 
62.8 
61.3 

68.7 
59.8 
79.5 

75.3 

79.2 

2.3 
6.7 

14.9 
19.6 
24.4 

14.1 
11.8 
14.3 
13.8 

10.2 
7.2 
9 6 

10.3 
6.7 

7.3 
6.1 
7.6 

8.8 

11.8 

0.27 
.49 
.65 
.76 
.87 

.98 

.98 
1.08 

.88 

1.08 
1.43 
1.06 

.90 
1.13 

.89 
1.33 
.53 

.72 

.38 

0.08 
.16 
.21 
.28 
.31 

.58 

.79 

.82 
1.20 

1.44 
1.35 
1.81 
2.11 
2.17 

2.56 
2.34 
3.25 

3.43 

3.37 

0.01 
.05 
.15 
.25 
.38 

.25 
.23 
.32 
.33 

.29 

.22 

.31 

.35 

.24 

.27 

.24 

.31 

.40 

.50 
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in Santa Monica Bay in 1970, 8:87:6, and by a 
bottom sediment sample taken near the sewer out
fall in 1971,6:82:12. Samples of sewer water taken 
in 1970 that derived their DDT content from sewer 
sediments had ratios of 14:38:48 (Redner and 
Payne, 1971), 

A few specimens of another myctophid, 
Triphoturus mexicanus, also showed a change in 
CHC ratios with time. Twenty-one specimens 
taken between 1950 and 1959 contained an aver
age of 69%DDT, 9%DDD, and 22%DDE, while 12 
specimens taken between 1961 and 1970 con
tained 23%DDT, 15%DDD, and 62%DDE. The.se 
fish were taken between Los Angeles and south
em Baja California (lat 26°20'N). This species has 
a more southern distribution than Sienoferac/iit/s 
leucopsarus, and therefore the population was less 
influenced by the sewer discharge. 

One might expect that DDE would be more 
abundant in samples taken farther from the sewer 
outfall, indicating older deposits, but this is not 
the case. The proportions are very similar in all 
samples, even those taken outside ofthe influence 
ofthe sewer. For the fish samples taken in 1969-70 
for the survey, the percentages are given in Table 
3. 

Each sample contained several fish ofthe same 
species, and only the livers were tested. Where the 

nSHERY BULLETIN: VOL. 72. NO. 2 

TABLE 3.—Distribution of p.p'DDE, p.p'DDD, and p,p'DDT in 
fish samples by area taken, 196&-70. 

Location 

Southern Baja Calilornia 
Sebastian Vizcaino Bay 

Cortei Bank 
Southern Calilornia coast 

Farnsworth Bank 
Santa Monica Bay 

Number 
o l 

samples 

8 
3 
4 . 
6 
6 
8 

DDE 

80.6 
74.2 
86.5 
86.0 
86.9 
86.6 

Percent 

DDD 

6.9 
8.8 

•4.7 
5.1 
5.6 
5.8 

as 

DDT 

10.5 
17.0 
8.8 
8.9 
7.5 
7.6 

pesticide levels were very high, the proportions 
were remarkably similar among samples. For the 
eight Santa Monica Bay samples, the DDE ranged 
from 85.2 to 87.7%, DDD from 5.1 to 6.6%, and 
DDT from 5.7 to 9.1%. 

The high proportions of DDE relative to DDT 
and DDD seem to be typical of fishes, porpoises, 
and crustaceans in the ocean off southern Califor
nia (Tables 4 and 5). In six adult pelicans taken on 
Anacapa Island in 1969 (Keith et al., 1970), DDE 
made up 99% ofthe total DDT found in the fat, and 
93% in eggs taken at the same time. Lamont, 
Bagley, and Reichel (1970) tested 10 pelican eggs 
from the same place and year and found that DDE 
constituted 96% ofthe total. 

Stout (1968) gives data for 17 samples repre
senting seven species of marine fishes taken oH" 
Washington and Oregon. In these, DDE averaged 

TABLE 4.—Percent distribution of total DDT and ratio of DDD to DDT in rockfishes and 
sablefish from Santa Monica Bay. Major dumping of DDT wastes into sewer system stopped in 
April 1970. Samples of May 1970 and August 1971 are averages offive separate samples each 
for fat, liver, and flesh. In each of these 15 samples the ratio of DDE to DDT was greater than 
one. 

Species 

May 1970: 
Sebasies paudspinis 
S. paudspinis 
S. miniatus 
S. miniatus 
S. consielialus 
S. constellatus 
S. conslellatus 
Anoplopoma fimbria 
A. limbria 

August 1971: 
S. paudspinis and 

S. mysUnus 
A. Iimbfia 

J jnuarr 1972: 
S p j uc t i cn i s 
S p j vc i i p i n j i 
S ^wC'SP'HfS 

AxQutI I t71 
Oono<n ftjmp)« 

- • 

tested 

Liver 
Flesh 
Liver 
Flesh 
Liver 
Flesh 
Fat 
Liver 
Flesh 

Liver 
Liver 

Liver 
Flash 
F»l 

Mud 

Total 

(ppm) 

519.0 
11.6 

162.0 
16.0 

1,026.0 
57.2 

2.568.0 
103.0 
23.4 

-

156.0 
38.0 

17.0 
.20 

115.0 

. 

d 

DDE 

86.3 
80.6 
87.0 
92.3 
87.7 
882 
85.0 
87.3 
S1.2 

e4.o 
64.2 

78.5 
81.4 
78.6 

82.0 

Percent 

ODD 

5.6 
8.8 
5.6 

trace 
5.5 
5.5 
7.0 
5.8 

10.1 

10.3 
12.9 

15.5 
12.7 
16.1 

72.0 

DDT 

8.1 
10.6 
7.4 
7.7 
6.8 
6.3 
8.0 
6.9 
8.7 

' 

5.7 
3.9 

6.0 
5.9 
5.1 

6.0 

DDD:DDT 

0.69:1.00 
.82 
.75 
.07 
.80 
.86 
.87 
£S 

1.15 

• . . 

1.78 
4.45 

259 
2.15 
3.15 

2.00 
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MacGREGOR: A M O U N T A N D PROPORTIONS OF DDT 

TABLES.—Distr ibut ion ofp.p'DDE, p.p 'DDD andp .p 'DDTin various animals from southem Califomia marine waters. Porpoises 

found dead on beach north of San Diego, various dates May 1970. Fishes and crustaceans taken in net haul in San Pedro Channel 

4 August 1971. 

Species 

Porpoises: 
Lagenorhynchus obfiquidens 
Delphinus sp. 
Delphinus sp 
Deiphinus sp. 
Detphinus sp. 
Delphinus sp. 
Delphinus sp. 

Fishes: 
Leuroglossus stilbius 
Melanostigma pammelas, eelpout 
Argyropelecus sp.. hatchetfish 
Cyclothone acclinidens 
Cyclothone acclinidens 
Cyclothone acclinidens 
Cyclothone acclinidens 
Cyclothone acclinidens 

Crustaceans: 
Gnathophausia gigas, pelagic mysid 
Sergestes sp. 
Sergestes sp. 
Nematoscelis sp.. euphausiid 
Nematoscelis sp.. euphausiid 

Organ 
tested 

flesh 
flesh 
flesh 
liver 
liver 
head oil 
blubber 

whole 
whole 
whole 
whole 
whole 
whole 
whole 
whole 

v/hole 
whole 
whole 
whole 
whole 

Standard 
length 
(mm) 

84 
89 
30 
48 
43 
47 
38 
34 

Wet 
weight 

(9) 

5.20 
2.40 

.50 
J 6 
J 7 
J 9 
.18 
.15 

.42 

.64 
J 8 
.019 
.043 

Total 

(ppm) 

84. 
208. 

31 . 
44. 

300. 
198. 
497. 

.49 
5.63 

.09 
2.01 

.64 
2.45 
3.56 
1.55 

.55 
4.38 
4.59 

.35 

.26 

DDE 

S2.0 
86.5 
85.0 
90:7 
92.0 
69.8 
68.5 

75.9 
87.9 
49.5 
80.7 
76.1 
83.2 
89.5 
64.9 

76.7 
85.1 
82.9 
90.3 
90.2 

DDD 

2.3 
5.8 
7.2 
4.8 
4.0 
2 6 
3.4 

11.6 
2.7 
7.6 
4.7 
6.9 
5.9 
4.5 
8.5 

7.2 
6.1 
6.1 
4.3 
3.0 

DDT 

5.7 
7.7 
7.8 
4.5 

- 4.0 
7.6 
8.1 

12.4 
9.4 

42.9 
14.6 
17.0 
10.9 
6.0 
6.6 

16.1 
8 8 

11.0 
5.4 
4.9 

52% (26-81), DDD 20%, and DDT 287o of total 
DDT. 

Keith and Hunt (1966) list DDT content for 
samples of mammals, birds, and freshwater fishes 
taken throughout California. The proportion of 
DDE tends to be high in categories tha t include 
birds of prey and fish eating birds, but varies con
siderably in their other samples. In their warm-
water fish samples and the fish eating birds, white 
pelican, western grebe, and common egret, DDD is 
unusually high. This may be because ofthe former 
use of DDD as a spray on some California lakes 
(Murphy and Chandler, 1948; Brydon, 1955; Hunt 
;and-Bischoff, 1960)._ _ 
••- Following the cessation'of DDT dumping i n t o s 

' t h e ocean off Los Angeles in 1970, a change dc-^'" 
. curred in the DDD;DDT ratios found in fish sam

ples. The five S. leucopsarus taken in April 1972 
.'contained 79% DDE, 127oDDD, and 9%DDT. Each 
; of the five specimens contained m.ore DDD than> 
' DDT. In the period 1949-70; only'8 ou t ' o fmorev 

than 500 S. leucopsarus tested contained more 
.DDD than DDT. The five myctophids taken i n " 

April 1972 ranged from 40 to 50 mm SL, indicat
ing that most or all of their growth had taken place 
since dumping stopped in 1970. 

The shift in DDD:DDT ratios also appeared in 
some other species. The ratios in rockfishes and 
sablefish, Anoplopoma fimbria, taken in Santa 

Monica Bay in May 1970, indicated that DDT was 
more abundant than DDD while 15 and 20 mo 
later the reverse was t rue (Table 4, Figure 11). 
The pelagic crustaceans and fish taken in the 
midwater trawl in August 1971 (Table 5) did not 
show the increased DDD to DDT ratio as did the 
bottom fish taken at tha t t ime, or the five S. 
leucopsarus taken in April 1972. A mud sample 
taken in August 1971 (Table 4, Figure 12) about 3 
nautical miles from the White Point sewer outfali 
contained about twice as much DDD as DDT. 

The work of Burnet t (1971) on DDT residues in 
the sand crab along coastal California showed that 
the high ratios of DDD to DDT were a local condi
tion. Twelve samples taken in November 1970 and 

.: "^February 1971 from eight stations on either side of 
p the White Point sewer outfall between 33=22'N 

and 34°28'N contained more DDD than DDT in ail 
/ but two samples. The 11 stations north and south 

of this area all contained less DDD than DDT. The 
four samples taken closest to the outfall averaged 

jf more than three times as much DDD as DDT. 
This shift in DDD:DDT ratios was undoubtedly 

caused by the deposits in the sewer system, 
CSDLAC cleaning operat ions s ta r ted in De
cember 1970, and ended in July 1971. Although 
large quanti t ies of these deposits were removed 
directly from the sewers, additional large quan
t i t ies were moved through the system to the White 
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FIGURE II.—Chromatogram of DDT analog standard and ofa fat 
sample from Sebastes paudspinis taken in Santa Monica Bay 7 
January 1972. p.p'DDE (98 ppm) is off scale. Following cessation 
of dumping of DDT wastes and flushing out of sewer lines in 1970, 
p,p'DDD(15 ppm) hase.xceededp,p'DDT(6.1 ppm) in most fish 
specimens tested. Prior to cessation of dumping and flushing of 
sewer lines, DDT was almost always present in greater quantities 
than D D D . 

Point plant and out into the ocean. Sewer water 
from these deposits contained 48% DDD as op
posed to 2-6% in the original Montrose discharges, 
and although the total amount of DDT and its 
metabolites was much less than before April 1970, 
the total amount of DDD entering the ocean ap
peared to be several times greater than it had been 
before the dumping stopped in April. This would 
account for the increase in DDD in the myctophids 
taken in 1972 rather than the expected decrease 
indicated by the calculated line (Figure 10, Table 
1). A mud sample taken from the ocean fioor a few 
miles from the sewer outfall in July 1971, just 
after the sewer cleaning operations ceased con-

• tained 6%DDT, 82%.DDE, and 12<;iDDD (Figure 
12). This compares favorably with the myctophids 
taken in April 1972, 9:79:12, and the S. patici-
spinis fat samples (Figure 11) taken in January 
1972, 5:79:16, and indicates that the fish reflect 
the values of these analogs in the environment 
fairly well. 
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> 3 < 

RETENTION TIME IN MINUTES 

FIGURE 12.—Chromatogram of DDT analog standard and sample 
of mud from the ocean floor in the Los Angeles area taken in Augiist 
1971. 16 mo after most dumping of DDT wastes stopped. DDD 
greatly exceeds DDT. This may have resulted from the sewer 
cleaning operations, or it may have been the condition e.xistin; 
before and merely reflect what the biota can excrete more easily. In 
the Sebastes chromatogram (Figure 11), the o.p'DDE peak is 
within the limits of the right proportions to p.p'DDE for il to be 
considered o,p'DDE. In the mud sample it is much too high and 
may be D D M U (a metabolite of DDD) which has the same reten
tion time on this column as o,p'DDE. 

The most noticeable difference between the pes
ticide metabolites in the fish (Figure 11) and the 
mud (Figure 12) were the two prominent peaks 
preceding p,p'DDE. The peak at the locus of 
o.p'DDE also may contain DDMU, a metabolite of 
DDD. The other peak could be a metabolite of 
Kelthane. However, several dozen additional mud 
samples tested subsequently did not contain these 
peaks e.xcept for expected amounts of o.p'DDE. 
The mud sample (Figure 12) was run while we 
were experimenting with methods of determining 
pesticide content ofthe mud samples. The subse
quent samples were run after we had settled on a 
different method that gave maximum recovery of 
DDT, DDD, and DDE without special regard to 
other CHC. These subsequent mud samples 
yielded chromatograms almost identical with 
those offish and other biological samples from the 
same general area. 
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MacGREGOR: AMOUNT AND PROPORTIONS OF DDT 

There was also a large decrease between May 
1970 and January 1972, in total pesticides in the 
fish taken in Santa Monica Bay (Table 4). The S. 
paudspinis taken in 1972 were smaller than those 
takein in 1970 which may account in part for the 
lower values. The five specimens taken in January 
1972, averaged 312 mm total length. Phillips 
(1964rgives the total length of this species at age 2 
as 267 mm and at age 3 as 343 mm. Thus, most of 
the growth of these specimens had taken place 
since dumping stopped. 

On land where soil has been subjected to DDT 
spraying for long periods of t ime, the situation is 
very different. In New York State vineyard soils 
(Kuhr, Davis and Taschenberg, 1972) the residues 
consisted of 73%DDT and 27%DDE after 24 yr of 
spraying with DDT, In Oregon (Kiigemagi and . 
Terriere, 1972) samples of soil from one orchard 
contained 80%DDT, 177oDDE, and 3%DDD after 
25 yr of spraying, while soil samples from another 
orchard in a different area contained 78%DDT, 
14%DDE, and 8%.DDD after 24 yr. Forests in New 
Brunswick, Canada (Yule, 1973) were sprayed 
heavily from 1956 to 1967 in which year spraying 
with DDT ceased. Many samples taken of soils in 
this area in 1968 contained 92%DDT and S%DDE. 
Three years later a second sampling ofthe soils in 
the same local i ty con ta ined 90%DDT and 
10%DDE. DDD was present only in trace amounts 
in both sampling years. 

As a general rule soil samples from land areas 
that have been sprayed with DDT tend to contain 
a much higher proportion of DDT than DDE or 
DDD even after many years. This is not neces
sarily true of the fauna that inhabit the land un
less their contamination is the result of recent 
spraying. Keith and Hunt (1966) give examples of 
a number of species of mammals and birds in 
which the proportions of the three analogs vary 
greatly. 

Within some species of birds, which are more 
wide ranging than mammals, there seems to be 
remarkable uniformity in the proportions of the 
three analogs. Martin and Nickerson (1972) tested 
125 10-bird samples of starlings from throughout 
the (48) United States. These samples averaged 
91%DDE, 3%DDD, and 6%DDT. Although the 
total residues ranged from 0.05 to 15 ppm, in only 
two samples did the amount of DDD exceed DDT, 
and in only one did the amount of DDT exceed 
DDE. 

The proportions ofthe three analogs of DDT in 
the starlings is vcrj' s imilar to the proportions 

found in the fish taken in Santa Monica Bay in 
1970 (Table 4), in the porpoises found dead on the 
beach in 1970, and the small fishes and inverte
brates taken off Los Angeles in the mid-water 
trawl in 1971 (Table 5). And, in fact, except in 
cases of recent contamination by DDT, most fauna 
have tended to approach these proportions in re
cent years. This is in spite of the fact that soil 
samples from areas of land tha t have long his
tories of spraying with DDT almost without excep
tion contain very high proportions of DDT. From 
this it would appear that the selective storage, 
metabolism, and excretion of DDT is somewhat 
similar for all animals. 

When investigators first became aw-are o f the 
pesticide problem, methods of measuring residues 
were considerably less refined than they are at 
present, and few samples were run. Very little 
work has been done on preserved specimens from 
these earlier years. But, in view ofthe similarity 
in proportions of DDE and DDT in so many differ
ent species in recent years, it seems probable that 
the increase in DDE and the change in ratios of 
DDE and DDT i n S . leucopsarus are descriptive of 
the general change in these analogs tha t has 
taken place in the earth's environment. 

There was no pat tern discernible in the dis
tribution of Aroclor 1254. In 472 myctophid sam
ples taken between 1949 and 1966, the median 
values of Aroclor 1254 fluctuated around 0.17 ppm 
and showed no trend with time. Sixty-eight per
cent of the samples contained less than 0.25 ppm. 
The only indication of an areal relationship was 
tha t while the three stations closest to the White 
Point sewer outfall, and the city of Los Angeles 
(CalCOFI stations 87.35, 90.28, and 90.30) consti
tuted only 8% ofthe total samples, the_v accounted 
for 34% (12 out of 35) ofthe myctophids containing 
more than Ippm of Aroclor 1254. However, there 
were some samples taken 175-200 nautical miles 
offshore tha t contained more than 1 ppm, and 
there were others taken near shore in the Los 
Angeles area that contained none or traces only. 
These higher values could result from the myc
toph ids inges t ing nondiges t ib le par t ic les of 
man-made substances either while feeding or ac
cidentally while in the cod end ofthe plankton net. 

In the larger fish taken in the Los Angeles area, 
the high values ofthe DDT residues tend to mask 
the presence of Aroclor 1254. What might be re
corded as a trace amount could actually be a 
ra ther significant amount in view of the diiiitp 
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solutions of sample used in such cases in order to 
keep the DDT residue recordings on scale. 

SUMMARY 

1. Between 1949 and 1970, total DDT increased 
in the ocean off southern California. The major 
source of this insecticide apparently was wastes 
discharged into the Los Angeles County sewer 
system by a major manufacturer of DDT. 

2. As measured in the myctophid fish, Steno
brachius leucopsarus, p.p'DDT andp.p'DDD in
creased for several years until metabolism, excre
tion, and dispersion equalled input, at which point 
the content of these CHC stabilized in the fish. 

3. The more persistent, less easily metabolized 
p,p'DDE continued to increase in S. leucopsarus 
throughout the time period under study. The. 
amount ofp.p'DDE decreased with distance from 
the sewer outfall. 
!'^vDu'rihg the earlier years theabundance of the---,^ 

f-''''6ther analogs in decreasing order wasp,p'DDT;ii;iJ» 
;r^p,p'DDE, andp.p'DDD. During the later period 

^l.lhrough 1970, the more persistent p.p'DDE bie-
•came.more abundant than p.p'DDT. Following 
cessation of dumping, in 1970, p.p'DDD became 

[inore abundant thanp,p'DDT in the myctophids^ 
EiJand most of the other fish species tested, --.'TJ.̂ ST 
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